Thls paper ls concerned with the alteration of clay minerals which takes place when well-aerated lowland soils (Brown lowland soils) are cultivated for growing rice. For this purpose the clay mineral compositions of paddy soils were compared with those of adjacent arable soils at !our locations.
It was found from the comparative study that in the gray colored upper horizons of paddy soil the 14A mineral was composed entirely of chlorite, whereas the brown ,colored horizons of arable soil contained, together with chlorite, a considerable amount of vermiculite and vermiculite/chlorite interstratified minerals. The writer pointed out the probability that this difference has arisen from pedogenic causes rather than geologic ones.
Since then the writer continued comparative examinations of this kind at three more locations in lowland areas: Sekijo-town, Ibaragi Prefecture, Higashichichibu-village, Saitama Prefecture, and Mito-city, Ibaragi Prefecture. These examinations led the writer to the conclusion that chloritization is a very common process occurring in lowland paddy soils.
MATERIALS AND METHODS

1)
Soils. Four lowland paddy soils and adjacent arable soils were used in this study. Morphological descriptions of the horizons selected for clay mineral analysis are given in Table 1 . In the horizon designation of paddy soils, Ap1 is the plough layer, 
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An is the eluviated horizon just below the plough layer, and 88 ls the illuvial horizon enriched with iron and manganese. The suffix 'g' indicates the alternate reduction and oxidation which is reflected in a gray matrix color with rusty mottles, and • c ' (from compact) indicates a closer packing than the horizons above and below. Ogawa and Sekijo paddy soils are coarse textured, excessively drained ones in which the upper horizons are gray due to the seasonal cycle of reduction and oxidation, while the lower horizons are brown indicating a continuously oxidizing condition (Brown lowland paddy soils; MITSUCIII ( 11 )). Higashichichibu and Mito paddy soils are finer textured, moderately drained ones whose profiles are gray throughout, indicating that a reducing condition extends to a considerable depth during the rice growing season (Gray lowland paddy soils).
Since paddy soils and adjacent arable soils occur close to each other (the distance being at most 30 m) and have no or little difference in elevation, they can be regarded as having been derived from the same parent materials. This was further confirmed by their similarities in mechanical and chemical compositions. Arable soils have not yet experienced rice cultivation, and are here regarded as the "controls " or "prototypes " of paddy soils. Arable soils are all classed as Brown lowland soils.
2) Analytical procedures. After H 20a treatment the soils were shaken and dispersed in 0,02N NaOH solution. Clays (<2µ) were then collected by centrifugation, and stocked as water suspensions. Pretreatment for the removal of free oxides was omitted because of the fear that the difference between paddy soils and arable soils, if any, might be eliminated by the treatment. As will be seen in Figs. 1 through 5, sharp X·ray diffractograms were obtained without the removal of free oxides. Portions of the stock suspensions were treated with ammonium nitrate ( 12), glycerol-solvated ( 13) and heated at different degrees, and examined with X·ray, Cation exchange capacities (Schollenberger's method) of paddy soils and arable soils were also compared.
In addition, mineralogical changes after alternate treatment of reduction and oxidation were tested experimentally.
RESULTS
Clay mineralogy of the soils
The descriptions are focused mainly on the behavior of the reflections at l4A after various treatments, since the identification of minerals other than 14A minerals was not the direct purpose of this investigation. 2) l/t' gashichichibu soils· (Fig. 2) . Gray colored upper horizons of paddy soil (A p r. Bi1) were compared with brown ,:;olored upper horizons of adjacent arable soil (A p , Aa), These soils occur on the same valley plain as Ogawa · soils, so that the kinds of mineral species present were expected to be nearly the same.
When the 7 A and 14A reflectlonF, of Mg-clays were compared, the former · were seen ·to 'be stronger in paddy soil whereas the latter were stronger in arable soil. · This suggests that the 14A minerals are rather chloritic in paddy soil, and more of the each specimen, the proportion of chlorite is clearly larger in paddy soil than in arable soil. 4) Sekijo soils (Fig. 4) . Gray colored upper horizons of paddy soil and brown colored upper horizons of arable soil were compared.
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In each specimen the 14A spacings contract markedly to lOA on treating with ammonium nitrate or on drying at 125°C, and expand considerably to 18.5A when solvated in glycerol. Sharp 14A reflections appear on heating at 600°C. From these the 14A reflections can be attributed to both chlorite and swelJing minerals. Differences in clay mineralogy can similarly be recognized between paddy soil and arable soil, though they are less marked than in the foregoing three instances. The 14A reflections which remain after treating with NH,NOa and KOH plus KCI or after drying at 125°C, are stronger in paddy soil than in arable soil. Paddy soil clays, further. show stronger 14A reflections when heated at 600°C. All these indicate that the 14A spacings of paddy soil are somewhat more stable than those of arable soil.
Additional investiga tions
1) Ca tion exchange capacities of the soils. In every instance examined the propor• tions of chlorite within the 14A minerals were larger in paddy soils than in arable soils. It was therefore expected that the cation exchange capacities would also be decreased in paddy soils.
For the purpose of comparing the cation exchange capacities per unit quantity of clay, the C.E.C. values of fine earths were divided by clay contents (Table 2), As will 
DISCUSSION
1) The experimental results may be summarized as follows. In the case of arable soils, the larger part of the 14A reflections collap�ed to lOA on treatment with ammonium nitrate or on drying at about 100°C, whereas the 14A reflections of paddy soils were more stable to these treatments. On heating at 500-600"C the 14A reflections were reinforced in each specimen, but those of paddy soils were stronger than those of adjacent arable soils. Cation exchange capacities per unit quantity of clay were always smaller in paddy soils than in arable soils. Alternate treatments of reduction and oxidation somewhat increased the stability of the 14A spacings to heat treatment.
2) In view of the fact that paddy soils and arable soils are closely adjacent to each other and have been derived from the same parent materials, it will be reasonable to attribute the mineralogical difference between paddy soils and arable soils to pedogenic causes rather than to geologic ones. The results obtained here suggest that the chloritization of the expanding layer minerals proceeds quite generally under rice cuttiva• tfon. The decrease in cation exchange capacities is thus attributed to chlorltization, that is, to the occupation of the exchangeable sites by Al· or Fe-octahedral fragments,
The main difference f n pedogenic environment between paddy soils and arable soils lies in the fact that the former are subjected to seasonal alternations of reduction and oxidation (flooding and drainage), whereas in the latter a continuously oxidizing condition prevails. It is therefore presumed that chlorltlzation is promoted under seasonally flooded conditions.
Out of the four paddy soils studied, Ogawa and lHgashichichibu paddy soils showed the most advanced chloritization and the most marked decrease in cation exchange capacities. The expanding layer minerals of Ogawa and Higashichlchibu clays are composed entirely of vermiculite, for they fail to expand to IBA when Mg-saturated and solvated in glycerol. In the case o( Sekijo paddy soil, on the contrary, the chlorl• that under a reduced condition the exchangeable sites are occupied chiefly by ferrous iron, which on subsequent drying is further replaced by hydrogen ion, whereby aluminium in the crystal lattice is released to form the interlayer octahedral fragments. However this does not seem to be always the case for paddy soils, particularly in Japan. In many cases the soils are even enriched with exchangeable bases under rice cultiva tion due to their supply from irrigation water with a consequent rise in soil pH, Therefore, the chloritization in paddy soils may not fully be explained only by the mechanism so far supposed for natural hydromorphic soils, In this connection the writer, in the experiment where lowland soil samples were incubated under submerged condition and air-dried again, found that considerable portions (30 to 40%) of the ferrous iron once formed under a reduced condition remained in the ferrous form even after the soils were completely air-dried ( 19 ) . Presumably the fe rrous iron not re-oxidized on drying ls present, at least in part, in a more or less fixed state in interlayer spaces. It is an interesting problem to be solved hereafter whether the ferrous iron fixed in interlayer spaces takes part in the formation of interlayer octahedral structures.
